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CLONED CELLS, EMBRYOS, AND ANIMALS 
AND METHODS OF PRODUCING THEM 

BACKGROUND OF THE INVENTION 
5 a) Field of the Invention 

This invention relates generally to cloned cells, embryos and animals, and to 
methods of producing them via nuclear transfer and combinations of nuclear transfer and 
ovum transfer. In particular, this invention relates to the cloning of avians. 

b) Description of Related Art 

10 A major aim of biotechnologists is to produce offspring from cell populations that 

can be maintained in culture and to obtain stable desirable phenotypes that transmit the 
required traits through the germ line. For nuclear transfer, the availability of cultured cell 
. lines facilitates cell cycle synchronization of the donor nucleus and allows optimization 
of cell cycle co-ordination in the reconstituted embryo. In order to obtain stable desirable 

1 5 phenotypes, nuclear transfer from cultured cell populations provides a promising 

alternative route to genetic modificatioa Until recently, genetic modification in farm 
animals was limited to pronuclear injection wherein the required gene is injected into the 
pronucleus of a zygote. Although pronuclear injection has been applied in several 
species including mice, rabbits, pigs, sheep, goats and cattle, there are a number of 

20 disadvantages with this technique. Integration of the gene does not always occur during 
the first cell cycle, resulting in the production of mosaic embryos. In addition, 
integration occurs at random within the genome, resulting in variable expression of the 
gene product. Thus, the production of an animal having the required phenotype capable 
of germ line transmission may require the generation of several transgenic lines, as well 

.25 as extensive breeding of founder animals. In comparison, theproduction of animals by 
nuclear transfer from cells that can be maintained in culture offers a number of 
advantages over pronuclear injection. In nuclear transfer, the cells to be used as nuclear 
donor cells may be sexed, optionally genetically modified, and selected in culture before 
their use. The resultant animal is produced from a single nucleus and mosaics can 

30 therefore be avoided The genetic modification is easily transmitted to the offspring. In 
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addition, all the cells in the animal are likely to contain the transgene and expression can 
be obtained in the tissues of interest. 

The ability to produce live offspring by nuclear transfer from cultured somatic 
cells also provides a route for the precise genetic manipulation of animal species. Such 
5 modifications include the addition or "knock-in" of genes, and the removal or 
inactivation or "knock-out" of genes or their control sequences (Polejaeva et aL, 
Theriogenology, 53(1^ :117-26 (2000)). Gene targeting techniques also promise the 
generation of transgenic animals in which specific genes coding for endogenous proteins 
have been replaced by human genes coding for exogenous human proteins. In 1993, 

10 Yom and Bremmel suggested that genes coding for major proteins in cow's milk could 
be replaced by human counterparts. Cows modified in this fashion would produce milk 
containing human milk proteins, which may be more nutritious for human infants and 
more suitable for infant formula manufacture (Y om, H.C. and Bremmel, R.D., American 
Journal of Clinical Nutrition, 1993, 58 (Supplement) 306S)* Methods for producing 

1 5 exogenous proteins in the milk of pigs, sheep, goats and cows have been reported. 

Wilmut and Campbell (GB 2 331 751 B) have reported the production of 
reconstituted animal embryos by transferring the nucleus of a diploid donor cell into a 
suitable recipient cell. The donor cells are quiescent, i.e., not actively proliferating, and 
are characterized as being in the GO or Gl phase. The recipient cells include oocytes at 

20 metaphase I or II, zygotes, and two-cell embryos, preferably enucleate. Enucleation is 
accomplished by splitting, aspiration, or irradiation. In those mechanical techniques 
predicated upon visualization of the nucleus, the use of aDNA-specific fluorochrome is 
required. 

Nuclear transfer (NT) involves the transfer of the complete diploid genetic 
25 material (the DNA contained in a nucleus) from a donor cell into an enucleated recipient 
cell, such as a fertilized (zygote) or. unfertilized (oocyte) cell. The technique involves 
several steps. The donor cells are first grown under special conditions in culture, 
increasing the number of cells by several orders of magnitude. The nuclei of the donor 
cells are then transferred to oocytes or zygotes, resulting in a reconstructed embryo. 
30 Activation (initiation of development) is usually artificially, most often chemically, 

induced. The embryos are then transplanted into female qnimals and allowed to develop 
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to term. In some species (mice, cattle and sheep) the reconstructed embryos may be 
grown in culture until the blastocyst stage before transfer to a recipient 

The reconstruction of mammalian embryos by transfer of a blastomere nucleus to 
an enucleated oocyte or zygote has been reported to produce genetically identical 
5 individuals (Eyestone et aL 9 J. Reprod Fertil. Supp., 54:489-97 (1999)), Although the 
number of offspring that can be produced from a single embryo is limited both by the 
number of blastomeres (embryos at the 32-64 cell stage are the most widely used in form 
animal species) and the efficiency of the nuclear transfer procedure, the ability to produce 
live offspring by nuclear transfer from cells that can be propagated and maintained in 

1 0 culture offers many advantages. This includes the production of identical offspring over 
an extended period (since cultured cells can be frozen and stored indefinitely) and the 
ability to genetically modify and to select populations of cells of specific genotypes or 
phenotypes before embryo reconstruction. This objective has been achieved with the 
production of lambs using nuclei from cultured cells established from embryonic, fetal 

15 and adult material. 

Two types of recipient cells are commonly used for nuclear transfer: oocytes 
arrested at the metaphase of the second meiotic division (Mil) and pronuclear zygotes. In 
mice, enucleated, two-cell stage blastomeres have been used as recipients, hi form 
species, development does not always occur when pronuclear zygotes are used, except 

20. when pronuclei are exchanged between zygotes, therefore, Mil-arrested oocytes have 

often been the recipient of choice. Oocytes arrested at Mil do not contain a nucleus but a 
metaphase plate, where* the chromosomes are arranged on the meiotic spindle. The Mil. 
chromosomes or metaphase plate are not easily visible under the light microscope in 
mammalian oocytes. However, visualization of the ME chromosomes or metaphase 

25 plate has been achieved with UV light using DAPI (4% 6'-dianudino-2-phenylindole, 
hydrochloride) or Hoescht 33342 (bis-benzimide) staining. % After enucleation and 
introduction of the donor genetic material, the reconstructed embryo must be cultured to 
a stage at which it can be transferred to a recipient animal, generally the morula or 
blastocyte stage. This can be done in vitro or in vivo (Eyestone et aL 9 supra). Double 

3 0 nuclear transfer has also been reported, in which an activated, previously transferred 
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nucleus is removed from the host unfertilized egg and transferred a second time into an 
enucleated fertilized embryo, (Polejaeva et a/., Nature, 407:505-9 (2000)). 

Although gene targeting techniques in combination with nuclear transfer hold 
tremendous promise with respect to nutritional and medical applications, current 
5 approaches suffer from several limitations, including long generation times between 
founder and production transgenic herds, and extensive husbandry and veterinary costs. 
It is therefore desirable to employ a system where the use of cultured somatic cells for 
nuclear transfer is more efficiently employed. One system that holds great potential is 
the avian reproductive system. 

10 The avian reproductive system, including that of the chicken, is well described. 

The production of an egg begins with formation of the large yolk in the ovaiy of the hen. 
The unfertilized oocyte or ovum is positioned on top of the yolk sac. Upon ovulation or 
release of the yolk from the ovary, it passes into the infimdibulum of the oviduct where it 
is fertilized if sperm are present It then moves into the magnum of the oviduct which is 

1 5 lined with tubular gland cells. These cells secrete the egg-white proteins, including 
ovalbumin, lysozyme, ovomucoid, conalbuxnin and ovomucin, into the lumen of the 
magnum from which they are deposited onto the avian embryo and yolk. 

Attempts at nuclear transfer in avians have remained difficult to realize. One 
significant challenge is the inaccessibility of the early avian egg. It is well known in the 

20 art that all forms of genetic manipulation that require visualization of the avian early 

embryo have been hindered by the inability to properly visualize the target structures. In 
nuclear transfer, after enucleation, the genetic material from the donor cell (nuclear 
donor) must be introduced into the enucleated oocyte. In order to produce an enucleated 
recipient cytoplast, it is essential to visualize the metaphase II plate or pronuclei that 

25 reside about 25pm beneath the egg's vitelline membrane within the germinal disk. Yet, 
the large size and optical density of the yolk have made visualization of the avian early 
embryo and its structures difficult to achieve. 

The hen oviduct offers outstanding potential as a protein bioreactor because of 
high levels of protein production, proper folding and post-translation modification of the 

30 target protein, and ease of product recovery. As a result, efforts have been made to create 
transgenic chickens expressing exogenous proteins in the oviduct by means of 
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: microinjection of DNA (PCT Publication WO 97/47739). Bosselman et al describe a 
method for introducing a replication-defective retroviral vector into a pluripotent stem 
cell of an unincubated chick embryo, and further describe chimeric chickens, whose cells 
express an exogenous vector nucleic acid sequence. However, the percentage of Gl 
5 transgenic offspring (progeny from vector-positive male GO birds) was low and varied 
between 1% and approximately 8% (U.S. Patent No. 5,162,215). Generally, DNA 
injection into avian eggs has so far lead to poor and unstable transgene integration (Sang 
and Perry, Mol Reprod. Dev., 1:98-106 (1989); andNaito, etal, Mol Reprod. Dev., 
37:167-71 (1994)). In addition, the use of viral vectors poses a number of limitations, 

10 including limited transgene size and potential viral infection of the offering. The 
production of transgenic chickens by means of DNA microinjection (supra) is both 
inefficient and lime-consuming. In fact, a key limitation of using any animal as a 
bioreactor is the time required (approximately 10 months for chickens, 2-3 years for 
ungulates) to introduce the desired transgene into the animal's genome. 

15 The hen also offers a unique system for efficient direct transgenesis of the 

magnum gland, but initial attempts have yielded poor results. Plasmid DNAs carrying 
transgenes have been introduced directly into the magnum of mature hens by 
electroporation (Ochiai et al, Poultry Science, 77:299-302 (1998)). Due to the large size 
of the oviduct of mature hens, the transient persistence of the plasmid DNAs in the cells, 

20 and the inefficiency of organ electroporation, only very low levels of protein were 

detected in the oviduct tissue of sacrificed hens and no expressed protein was reported as 
being detected in the egg. Other attempts have involved the transfection of magnum cells 
with expression cassettes after excision of the cells from the bird and preparation of an 
oviduct cell culture (Sanders et al, Endocrinology, 116:398-405 (1985); Sanders et al, 

25 Biochemistry, 27:6550-6557 (1988); Schweers et al, Journal of Biological Chemistry, 
265:7590-7595 (1990); Often et al, Molecular Endocrinology, 2:143-147 (1988); and 
Schweers et adjournal of Biological Chemistry, 266:10490-10497 (1991)). 

Ovum transfer, the transfer of a donor ovum to the oviduct of a recipient hen, 
provides another means for genetic manipulation in avians. Tanaka et al. produced 

30 chicks by in vitro fertilization (TVF) by returning the fertilized ovum into the oviduct of a 
recipient hen to complete the egg and shell formation. This experimental approach 
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suggests a useful model for production of transgenic avians (Tanaka et aL, Journal of 
Reproduction and Fertility, 100:447-449 (1994)). 

Another major challenge is the culture of the reconstructed egg. It is essential to 
hatch the reconstructed zygote following micromanipulation. One solution was proposed 
5 by Perry et ah (U.S. Patent No. 5,01 1,780). Perry et al use ex ovo culture to remove an 
embryo and yolk from a donor hen and incubate the embryo and yolk in a series of 
separate culture systems until hatch. Yet, this procedure is laborious and inefficient with 
low numbers of "test tube chickens" hatching. 

It is an object of this invention to provide an improved method for visualization 
10 of the nuclear structures in a recipient cell to facilitate the process of enucleation and 
subsequent nuclear transfer. 

It is also an object of this invention to provide an improved method for ablation 
of the nucleus in a recipient cell to facilitate subsequent nuclear transfer. 

It is a particular object of the instant invention to provide methods that overcome 
15 the technical hurdles relating to the cloning of avians, such asinaccessibilityof the avian 
egg and difficulty of culturing the reconstructed zygote. A new and useful method for » 
successful nuclear transfer in avians in order to produce cloned birds would satisfy a 
present need in the art. Avians cloned in this manner may be genetically modified. The 
resulting expression and deposition of exogenous proteins in eggs, suitable for 
20 commercial use, would provide immediate benefits to the public. 

SUMMARY OF THE INVENTION 
The present invention provides cloned cells, cell lines, embryos, and animals and 
methods for their production by nuclear transfer, employing two-photon visualization, 
ablation or both. In one embodiment, nuclear transfer in conjunction with ovum transfer 
25 is employed. Cloned and transgenic avians, including knock-outs and knock-ins, are also 
provided. 

In a preferred embodiment of the invention, two-photon la&er scanning 
microscopy (TPLSM) is used to visualize nuclear structures in a recipient cell. 
Following visualization, the cell is enucleated, optionally with two-photon laser- 
30 mediated ablation, to provide a recipient cytoplast. Alternatively, the recipient cell may 
also be enucleated via cell splitting, aspiration of its nuclear structure^), irradiation, or 
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other enucleating procedure. Preferably, the recipient cell is removed from an animal, 
the nucleus visualized and ablated via two-photon laser-mediated ablation. The donor 
nucleus is then inserted into the recipient cell by cell fusion, microinj ection, or other 
renucleation procedure. The replacement of the recipient cell's nucleus with the donor 
5 cell's nucleus yields a reconstructed zygote. The reconstructed zygote may be activated 
and allowed to develop to term in vivo or in vitro. In a preferred embodiment of the 
invention, the animal is an avian including, but not limited to, chickens, ducks, turkeys, 
quails, pheasants and ostriches. 

Another aspect of the present invention provides a method of producing a cloned 

10 animal comprising nuclear transfer in combination with ovum transfer. TPLSM and two- 
. photon laser-mediated ablation is used to perform nuclear transfer wherein the donor 
nucleus may be of normal karyotype or genetically modified. Accordingly, the 
replacement of the recipient cell's nucleus with the donor cell's nucleus results in a 
reconstructed zygote. The ovum may be cultured via ovum transfer, whereby the 

1 5 reconstructed zygote is transferred to a recipient animal, or cultured in vitro and allowed 
to develop to term. 

Another aspect of the present invention provides a method of producing a cloned 
avian comprising nuclear transfer in combination with ovum transfer. TPLSM and two- 
photon laser-mediated ablation is used to perform nuclear transfer wherein the donor 

20 nucleus may be of normal karyotype or genetically modified. Accordingly, the 

replacement of the recipient cell's nucleus with the donor cell's nucleus results in a 
reconstructed zygote. The ovum may be cultured via ovum transfer, wherein the ovum 
containing the reconstructed zygote is transferred to a recipient avian or cultured in vitro. 
Once transferred, the embryo develops inside the recipient hen and travels through the 

25 oviduct of the hen where it is encapsulated by natural egg white proteins and a natural 
egg shell. The egg which contains endogenous yolk and a reconstructed embryo, is laid 
and can then be incubated and hatched like a normal chick. The resulting chick may be 
genetically modified. In one embodiment, the genetically modified cloned avian carries a • 
transgene in all or most of its cells. After maturation, the transgenic avian may lay eggs 

30 that contain one or more exogenous protein(s). The combination of nuclear transfer and 
ovum transfer allows for the preparation of a cloned avian, hi an alternative 
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embodiment, ex ovo culture may be used instead of ovum transfer to produce the cloned 
avian. In a preferred embodiment of the instant invention, the avian is a chicken, duck, 
quail, turkey, pheasant or ostrich. 

Another aspect of the present invention provides for a method of producing a 
5 transgenic avian by (i) preparing a transgenic avian, carrying a gene encoding an 

exogenous protein, using nuclear transfer via two-photon visualization and/or ablation, 
and (ii) allowing the immature transgenic avian to grow to maturity, wherein the 
exogenous protein is secreted into the oviduct lumen of the mature avian and deposited 
into eggs laid by the avian. Preferably, the exogenous DNA comprises a stable transgene 

10 and the transgenic avians may be bred and propagated. The novel transgenic avians 
possess the ability to lay eggs that contain one or more desired, exogenous protein(s). 

Yet, another aspect of the present invention provides for a method of producing a 
knock-out or knock-in avian by (i) preparing a knock-out or knock-in avian according to 
nuclear transfer via two-photon visualization and/or ablation, and (ii) allowing the 

1 5 immature knock-out or knock-in egg-laying animal to grow to maturity. The knock-out 
avians are able to lay eggs that contain less than all endogenous proteins normally present 
in the egg. This allows for the elimination of potential undesired substances found in the 
egg (e.g., allergens) or suppression of a specific agronomic trait The knock-in sequence 
may replace all or part of an endogenous gene of the animal by a functional homologous 

20 gene or gene segment of another animal. 

Cloned non-human cells, cell lines, embryos, and animals, optionally genetically 
modified, are encompassed by the instant invention. Transgenic, knock-out, and knock- 
in animals are also provided. In one embodiment, reconstituted avian embryos, 
particularly chick embryos, prepared by transferring the nucleus of a donor cell into a 

25 suitable recipient cell, are provided. The donor cell may be quiescent or non-quiescent 
Intact avian eggs containing protein(s) exogenous to naturally occurring avian 
eggs are further provided by the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
a) Definitions and General Parameters 
30 The following definitions are set forth to illustrate and define the meaning and 

scope of the various terms used to describe the invention herein. 
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The term "TPLSM" refers to two-photon laser scanning microscopy. TPLSM 
relies upon the phenomenon of two-photon excited fluorescence in which two photons 
collide simultaneously with a fluorescent molecule. Their combined energy is absorbed 
by the fluorophore inducing a fluorescent emission, which is detected by a 
5 photomultiplier and converted into a digital image. The major advantage of TPLSM lies 
in its ability to generate images of living and optically dense structures for prolonged 
periods of time, while not affecting their viability. This is the case because TPLSM 
utilizes biologically innocuous pulsed infrared light that is able to penetrate much deeper 
into scattering specimens. Hence this method provides the capability for producing 
10 noninvasive, three-dimensional, real-time images of the optically dense oocyte (eg., 
avian egg). 

In addition to visualization, TPLSM may also be used for enucleation. 
The terms "ovum" and "oocyte" are used interchangeably herein. Although only 
one ovum matures at a time, an animal is born with a finite number of ova Ovulation, 

15 the shedding of an egg from the ovarian follicle, occurs when the brain's pituitary gland 
releases a luteinizing hormone, LH. Mature follicles form a stalk or pedicle of 
connective tissue and smooth muscle. Immediately after ovulation the follicle becomes a 
thin-walled sac, the post-ovulatory follicle. The mature ovum erupts from its sac and 
starts its journey through the oviduct Eventually, the ovum enters the infundibulum 

20 where fertilization occurs. Fertilization must take place within 1 5 minutes of ovulation, 
before the ovum becomes covered by albumen. During fertilization, sperm (avians have 
polyspermic fertilization) penetrate the blastodisc, the small white spot on the top side of 
the yolk where the embryo will develop. When the spenn lodges within this germinal 
disk, an embryo begins to form. It is now known as a "blastoderm" or "zygote". 

25 A "donor cell" is used herein to describe the source of the nuclear structure that is 

transplanted to the recipient cytoplast. All cells of normal karyotype, including 
embryonic, fetal, and adult somatic cells, preferably in a quiescent state, may be nuclear 
donors. The use of non-quiescent cells as nuclear donors has been described as well by 
Cibelli, et al, Science, .280: 1256-8 (1998). 

30 A "recipient cell" is used herein to describe the enucleated recipient cell, 

preferably an enucleated metaphase I or II oocyte, or an enucleated preactivated oocyte. 
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Enucleation may be accomplished by splitting the cell into halves, aspirating the 
metaphase plate, pronucleus or pronuclei, or even by irradiation. In a preferred 
embodiment, enucleation is done through two-photon laser-mediated ablation. . 
Alternatively, TPLSM could be used to guide mechanical enucleation. 
5 A "nucleic acid sequence" or "polynucleotide" includes, but is not limited to, 

eucaryotic mRNA, cDNA, genomic DNA, and synthetic DNA and RNA sequences, 
comprising the natural nucleotide bases adenine, guanine, cytosine, thymidine, and 
uracil. The term also encompasses sequences having one or more modified 
nucleotide(s). The terms polynucleotide", "oligonucleotide", and "nucleic acid 

10 sequence" are used interchangeably herein and include, but are not limited to, coding 
sequences (polynucleotide^) or nucleic acid sequence(s) which are transcribed and 
translated into polypeptide in vitro or in vivo when placed under the control of 
appropriate regulatory or control sequences); control sequences (e.g., translational start 
and stop codons, promoter sequences, ribosome binding sites, polyadenylation signals, 

1 5 transcription factor binding sites, transcription termination sequences, upstream and 
downstream regulatory domains, enhancers, silencers, and the like); and regulatory 
sequences (DNA sequences to which a transcription factors) binds and alters the activity 
of a gene's promoter either positively (induction) or negatively (repression)). No 
limitation as to length or to synthetic origin are suggested by the terms described herein. 

20 The terms "endogenous nucleic acid sequence" and "endogenous DNA" are used 

interchangeably herein. The term "endogenous" as it relates to nucleic acid sequences 
such as coding sequences, control sequences, and regulatory sequences denotes 
sequences that are normally associated with a particular cell or tissue. Hence, 
endogenous sequences are found in nature. Endogenous proteins are the expression 

25 products of endogenous DNA, such as endogenous coding sequences. 

The terms "exogenous nucleic acid sequence" and "exogenous DNA" are used 
interchangeably herein. The term "exogenous" as it relates to nucleic acid sequences 
such as coding sequences, control sequences, and regulatory sequences denotes 
sequences that are "not" normally associated with a particular cell or tissue. Thus, an 

30 "exogenous" region of a nucleic acid is an identifiable segment of nucleic acid within or 
attached to another nucleic acid molecule that is not found in association with the other 
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molecule in nature. Exogenous DNA may be integrated into the genome of the donor 
cell or may exist independently of the genome of the donor cell. For example, exogenous 
DNA may not be integrated into the genome of the donor cell but exist as part of a non- 
integrated vector in the donor cell. 
5 The term "transgene" refers to exogenous polynucleotide seqiience(s) containing 

a desired coding sequence, and control sequences in operable linkage, so that cells 
transformed with these sequences are capable of producing the encoded product In order 
to effect transformation, the transgene may optionally be included on a discrete vector, 
however, the relevant polynucleotide may also be an integrative vector which has or can 

, 1 0 become integrated into the host chromosome. A "transgenic animal" is an animal that 
expresses one or more exogenous gene(s). 

The term "knock-out animal" refers to an animal that completely lacks a specific 
gene that is normally present in its genome. 

The term "knock-in animal" refers to an animal that carries a specific nucleic acid 

1 5 sequence such as a "knock-in sequence" in a predetermined coding or noncoding region, 
wherein the knock-in sequence is introduced through methods of recombination, such as 
homologous recombination. The recombination event comprises replacing all or part of 
a gene of the animal by a functional homologous gene or gene segment of another 
animal, where the respective knock-in sequence is placed in the genomic sequence. 

20 "Vector" means a polynucleotide comprised of single strand, double strand, 

.circular, or supercoiled DNA or RNA, preferably constructed so that a particular coding 
sequence is located in the vector with the appropriate regulatory sequences, the 
positioning and orientation of the coding sequence with respect to the control sequences 
being such that the coding sequence is transcribed under the "control" of the control 

25 sequences. 

A "plasmid" is a small, circular DNA vector capable of independent replication 
within a bacterial or yeast host cell. 

The terms '"transformation", "transduction", and "transfection" all denote the 
introduction of a polynucleotide into a cell, such as an embryonic or somatic cell. 
30 The term "exogenous protein" means a protein or polypeptide not naturally 

present in a particular tissue or cell, a protein that is the expression product of an 
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exogenous gene, an exogenous expression construct or a transgene, or a protein not 

naturally present in a given quantity in a particular tissue or cell. 

The term "avian" means a bird of any known species or type. The term includes 

the various know strains of Gallus gallus, or chickens, (for example, White Leghorn, 
5 Brown Leghorn, Barred-Rock, Sussex, New Hampshire, Rhode Island, Ausstralorp, 

Minorca, Amrox, California Gray, Italian Partidge-colored), as well as turkeys, 

pheasants, quails, duck, ostriches and other poultry commonly bred in commercial 

quantities. 

b) Nuclear Transfer and TPLSM 
1 0 The present invention provides methods for producing cloned animals by nuclear 

transfer and by combinations of nuclear transfer and embryo transfer. Nuclear transfer 

allows the cloning of animal species, wherein individual steps are common to the 

procedures of embryonic, fetal and adult cell cloning. These steps include, but are not 

limited to, preparation of a chromosome-free recipient cell called a cytoplast (which 
15 involves chromosome removal often referred to as enucleation); donor cell nucleus 

(nuclear donor) isolation and transfer to the cytoplast to produce a reconstructed embryo; 

optional reconstructed embryo culture; and embryo transfer to a synchronized host 

animal. 

A novel approach to nuclear transfer in animals, employing two-photon 
20 visualization, is described in the instant invention. In a preferred embodiment, the 
fertilized or unfertilized egg is removed from an animal and manipulated in vitro, 
wherein the genetic material of the egg is visualized and removed and the ablated nucleus 
replaced with a donor nucleus. Optionally, the donor nucleus may be genetically 
modified. Two-photon laser scanning microscopy (TPLSM) is used to visualize the 
25 nuclear structures. Following visualization, the nucleus in the recipient cell, such as a 
fertilized or unfertilized egg, is removed or ablated, optionally using TPLSM. TPLSM is 
based on two-photon excited fluorescence in which two photons collide simultaneously 
with a fluorescent molecule. Their combined energy is absorbed by the fluorophore, 
inducing fluorescent emission, which is detected by a photomultiplier tube and converted 
30 into a digital image. See Squirrell et al, Nat BiotechnoL, 17:763-7 (1999); and Piston et 
al. 9 Trends Cell BioL,j>:66-9 (1999). TPLSM allows for the generation of images of 
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living, optically dense structures for prolonged periods of time, while not affecting their 
viahility. This is possible because TPLSM utilizes biologically innocuous pulsed near 
infrared light, usually at a wavelength of about 700 nm to about 1000 nm, which is able 
to penetrate much deeper into scattering specimens. TPLSM may employ different 
5 lasers, such as a mode-locked laser, where the wavelength is fixed, or a tunable laser that 
can be tuned between about 700 nm and about 1000 nm., depending upon the range of 
emission of the dye used. For DAPI and Hoescht 33342 dyes, 720-770 nm. is preferred. 
New fluorophores are being produced with different ranges of emission and the invention 
is not limited to the presently available dyes and their respective emission ranges. 

1 0 Furthermore, lasers used in TPLSM can be grouped into femtosecond and 

picosecond lasers. These lasers are distinguished by their pulse duration. Preferably, a 
femtosecond laser is used in the instant invention since it is particularly suitable for 
visualization without harming the specimen. 

In a preferred embodiment, TPLSM realizes a method of producing noninvasive, 

1 5 three-dimensional, real-time images of the optically dense avian egg. The ability to 
visualize the metaphase plate or pronucleus in avian eggs during nuclear transfer has so 
far been hindered by the presence of the yolk, which makes visualization of these nuclear 
structures impossible. But two-photon imaging with femtosecond lasers operating in the 
near infrared allows visualization of nuclear structures without damaging cellular 

20 constituents, despite the unfavorable optical properties of the egg yolk. Prior to 

visualization, specimens may be incubated or injected with DNA-specific dyes such as 
DAPI (4', 6'-diamidino-2~phenylindole hydrochloride) or Hoescht 33342 (bis- 
benzimide). Prior to incubation, the albumen capsule is removed and the ovum placed in 
a dish with the germinal disk facing the top. Any remnants of the albumen capsule are 

25 removed from the top of the germinal disk. An aqueous solution, e.g., phosphate- 
buffered saline (PBS), is added to prevent drying of the ovum. A cloning cylinder is 
placed around the germinal disk and DAPI in PBS is added to the cylinder. 
Alternatively, a DAPI-PBS solutionmay be injected into the germinal disk by using a 
glass pipette, after which the dye moves into the nuclear structures. In the case of 

30 injecting the dye, removal of the albumen capsule is not necessary. However, injection 
of nuclei into the disk is facilitated in the absence of the capsule. Following incubation 
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or injection of DNA-specific dyes, images of the inside of the early avian embryo can be 
generated through the use ofTPLSM. Visualization may be performed after about 10 to 
15 minutes of incubation or about 10 minutes after injection. During visualization, the 
germinal disk is placed under the microscope objective and the pronuclear structures are 
5 searched within the central area of the disk using relatively low laser powers of about 3-6 
milliwatts. Once the structures are found they may be ablated by using higher laser 
power or mechanically removed, guided by TPLSM. 

Nuclear transfer also requires the destruction or enucleation of the pronucleus 
before a nuclear donor can be introduced into the oocyte. In order to enucleate the oocyte 

10 to produce a cytoplast donor, it is esseutial to visualize the pronucleus which resides 
about 25pm beneath the ovum's vitelline membrane within the germinal disk 
Microsurgery has so far been a preferred method to accomplish pronuclear removal or 
enucleation. However, two-photon laser-mediated ablation of nuclear structures provides 
an alternative to microsurgery; Higher laser powers than those used for imaging are used 

15 for enucleation, with minimal collateral damage to the cell. As during visualization^ the \ 
wavelength for ablation generally ranges from about 700 nm to 1000 nm, normally about 
750 nm . TPLSM and two-photon laser-mediated ablation are more efficient than 
alternative methods because they are less operator dependent and less invasive, which 
results in higher viability of the recipient cell. Following visualization, pronuclear 

20 structures may be ablated using higher laser powers of about 30 to about 70 milliwatts. 

Enucleation is followed by renucleation, where a cultured somatic cell nucleus 
(nuclear donor) is injected into the enucleated recipient cytoplast. Renucleation may be 
performed under a microscope on a micromanipulation unit comprising a microinjector 
and a micromanipulator. Following ablation, the nuclear donor is introduced into the 

25 germinal disk though guided injection using episcopic illumination (i.e„ tight coming 
through the obj ective onto the sample). The reconstructed zygote may then be surgically 
transferred to the oviduct of a recipient hen to produce a hard shell egg. Alternatively, 
the reconstructed embryo may be cultured for 24 hours and screened for development 
prior to surgical transfer. The egg can be further incubated to generate a cloned chick, 

30 optionally genetically modified. The cloned chick may carry a transgene in all or most of 
its cells. After maturation, the transgenic avian may lay eggs that contain one or more 
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desired, exogenous protein(s). Alternatively, the resulting chick may be a knock-out 
animal capable of laying eggs that contain less than all endogenous proteins normally 
present in the egg. The cloned chick may also be a knock-in chick expressing an 
alternative phenotype or capable of laying eggs having an exogenous protein therein. 
5 The reconstructed egg may also be cultured to term using the ex ovo method described by 
Perry et al (supra). In a preferred embodiment of the invention, the animal is an avian 
including, but not limited to, chickens, ducks, turkeys, quails, pheasants and ostriches. 

The replacement of the recipient cell's nucleus with the donor cell's nucleus 
results in a reconstructed zygote. In a preferred embodiment, the cytoplasmic membrane 

10 of the cell used as nuclear donor is disrupted to expose its nucleus to the ooplasm of the 
recipient cytoplast. The nuclear donor may be injected into the germinal disk, where it 
undergoes reprogramming and becomes the nucleus of the reconstructed one-cell 
embryo. Alternatively, a donor cell may be fused to the recipient cell using methods well 
known in the art, e.g., by means of fusion-promoting chemicals, such as polyethylene 

1 5 glycol, inactivated viruses, such as Sendai virus, or electrical stimulation. - 

The methodologies of TPLSM and two-photon laser-mediated ablation described 
herein, can also be used for selective visualization and destruction of specific structures 
within germ and/or somatic cells including nuclear transfer in mammalian species and 
other vertebrate species. The skilled artisan will be able to readily adapt the methods 

20 established for avians described herein to other types of animals including, but not 
limited to, mammals, fish, reptile(s); amphibian(s), and insect(s). 
c) Ovum Transfer 

Another aspect of the present invention provides for a method of producing a 
cloned animal comprising nuclear transfer in combination with ovum transfer. Two- 

25 * photon visualization and ablation may be used to perform nuclear transfer, as described 
above. Accordingly, the replacement of the recipient cell's nucleus with the donor cell's 
nucleus results in a reconstructed zygote. In the preferred embodiment pronuclear stage 
eggs are used as recipient cytoplasts already activated by fertilization. Alternatively, 
unactivated metaphase II eggs may serve as recipient cytoplast and activation induced 

30 after renucleation. The ovum may be cultured via ovum transfer, wherein the ovum 
containing the reconstructed zygote is transferred to a recipient hen.. The ovum is 
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surgically transferred into the oviduct of the recipient hen shortly after oviposition. This 
is accomplished according to normal husbandry procedures (oviposition, incubation, and 
hatching; see Tanaka et al , supra). 

In an alternative embodiment, the ovum maybe cultured to stage X prior to 
5 transfer into a recipient hen. More specifically, reconstructed stage I embryos are 
cultured for 24-48 hours to stage X. This allows for developmental screening of the 
reconstructed embryo prior to surgical transfer. Stage I embryos are enclosed within a 
thick albumen capsule. In this novel procedure, the albumen capsule is removed, after 
which the nuclear donor is injected into the germinal disk. Subsequently, the capsule and 
1 0 germinal disk are recombined by placing the thick capsule in contact with the germinal 
disk on top of the yolk. Embryos develop to stage X at similar rates as those cultured 
with their capsules intact At stage X, the embryo is transferred to the oviduct of a 
recipient hen. 

Once transferred, the embryo develops inside the recipient hen and travels 
15 through the oviduct of the hen where it is encapsulated by natural egg white proteins and 
a natural egg shell. The egg which contains endogenous yolk and an embryo from 
another hen, is laid and can then be incubated and hatched like a normal chick. The 
resulting chick may carry a transgene in all or most of its cells. Following maturation, 
the cloned avian may express a desired phenotype or may be able to lay eggs that contain 
20 one or more desired, exogenous protein(s). 

The combination of nuclear transfer and ovum transfer allows for the preparation 
of a cloned animal that is a complete organism, optionally genetically modified. 
Genetically modified animals encompassed by the instant invention are transgenics, and 
knock-in and knock-out animals. 
25. In an alternative embodiment, ex ovo culture may be used instead of ovum 

transfer to produce the cloned animal (see Perry ef aL, supra). In a preferred 
embodiment of the instant invention, the animal is an avian including, but not limited to, 
chickens, ducks, quails, turkeys, pheasants and ostriches. In another embodiment, the 
animal is a mammal, fish, reptile, amphibian, or insect. 
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d) Cloned-, Transgenic-, Knock-out-, and Knock-in Animals and Their Eggs 
The present invention provides for cloned egg-laying animals produced by 
nuclear transfer and by combinations of nuclear transfer and ovum transfer as described 
5 .herein. A novel approach of nuclear transfer, employing two-photon visualization and 
ablation is used to produce the cloned animals. In addition, the present invention 
encompasses cloned animals that are genetically modified including, but not limited to, 
transgenic, knock-out, and knock-in animals. The instant invention satisfies the need for 
a rapid route to the expression and deposition of exogenous proteins in eggs. Eggs 

1 0 containing protein(s) exogenous to an egg are also provided by the present invention. 

Furthermore, the instant invention provides a novel method of producing cloned, 
transgenic animals through nuclear transfer via two-photon visualization and ablation, 
and ovum transfer. Transgenic animals may have their hereditary properties permanently 
modified by the introduction of recombinant DNA into their germ cells. The 

1 5 combination of zygote reconstruction followed by ovum transfer, as disclosed herein, 
promises a more efficient and flexible route to accomplish the cloning of animals and 
production of transgenics. One pertinent use of this technology is the modification of 
poultry and livestock genomes to improve agronomic traits. Candidate genes, whose 
introduction or deletion would enhance agronomic traits, can be targeted through use of 

20 the instant invention. Most importantly, the possibility of cloning avian species promises 
tremendous gains for the market place. The new technology disclosed herein may be 
used in selective poultry breeding, leading to enhanced traits in chickens and their £ggs. 
Further, nuclear transfer techniques developed herein (e.g., laser-mediated selective 
ablation of nuclear structures of oocytes) also have a wide range of applications in fields 

25 such as mammalian transgenesis, genetics, cell therapies, and transplantation. 

One aspect of the present invention provides for a method of producing a 
transgenic animal, comprising the steps of (i) preparing the transgenic animal according 
to nuclear transfer via two-photon visualization and optionally, laser-mediated ablation, 
and ovum transfer which contains exogenous DNA in its cells, and (ii) allowing the 

30 immature transgenic animal to grow to maturity. In the case of an avian, an exogenous 
protein is secreted into the oviduct lumen of the mature animal and deposited into eggs 
laid by the animal. In a preferred embodiment of the instant invention, the exogenous 
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DNA comprises a transgene and the resulting transgenic animals can be bred and 
propagated. Transgenic avians produced by the instant invention also possess the ability 
to lay eggs that contain one or more desired, exogenous protein(s). 

Transgenes are introduced into the ovum of an animal through nuclear transfer 
5 via two-photon visualization and ablation, wherein the nuclear donor contains a desired 
exogenous DNA sequence in its genome. One of ordinary skill in the art will be able to 
readily adapt conventional methods to insert the desired transgene into the genome of the 
nuclear donor prior to injection of the nuclear donor into the recipient cytoplast, or prior 
to fusion of the nuclear donor cell with the recipient cell. For example, a vector that 

1 0 contains one or more transgene(s) may be delivered into the nuclear donor cell through 
the use of a delivery vehicle. The transgene is then transferred along with the nuclear 
donor into the recipient ovum. Following zygote reconstruction, the ovum is transferred 
into the reproductive tract of a recipient hen. In a preferred embodiment, the ovum is 
transferred into the iirfundibulum of the recipient hen. After reconstruction, the embryo 

15 containing the transgene develops inside the recipient hen and travels through the oviduct 
of the hen where it is encapsulated by natural egg white proteins and a natural egg shell. 
The egg is laid and can be incubated and hatched to produce a transgenic chick. The 
resulting transgenic chick will carry one or more desired transgene(s) in its germ line. 
Following maturation, the transgenic avian may lay eggs that contain one or more 

20 desired, exogenous protein(s) which can be easily harvested. 

In one embodiment of the instant invention, a nuclear donor cell is transfected 
with a vector construct that contains a transgene. Methods for transfection of somatic 
cell nuclei are well known in the art and include, by way of example, the use of retroviral 
vectors, retrotransposons, adenoviruses, adeno-associated viruses, naked DNA, lipid- 

25 mediated transfection, electroporation and direct injection into th$ nucleus. Such 
techniques, particularly as applied to avians, are disclosed in Bosselman (U.S. Patent 
No, 5,162,215), Etches (PCT Publication No. WO99/10505), Hodgson (U.S. Patent 
No. 6,027,722), Hughes (U.S. Patent No. 4,997,763), Ivarie (PCT Publication 
No. W099/19472), MacArthur (PCT Publication No. W097/47739), Peny (U.S. Patent 

30 No, 5,01 1,780), Petitte (U.S. Patent Nos. 5,340,740 and 5,656,479), and Simkiss (PCT 
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Publication No. WO90/1 1 355), the disclosures of which are incorporated by reference 
herein. 

Another aspect of the present invention provides for a method of producing a 
knock-out or knock-in animal, comprising the steps of (i) preparing the knock-out or 
5 knock-in animal according to nuclear transfer via two-photon visualization and/or 
ablation, and (ii) allowing the immature knock-out or knock-in animal to grow to 
maturity. 

In one embodiment of the instant invention, the knock-out animal has been 
manipulated such that an endogenous gene has been removed from the genome of the 

1 0 donor nucleus. This may be accomplished using described protocols for the production 
of knock-out mice, including the transformation of the nuclear donors with a targeting 
vector comprising genomic DNA containing the desired modification, flanked by 
positive (neomycin resistance gene for instance) and/or negative (herpes simplex virus 
thymidine kinase) or other applicable selectable marker genes, using a number of 

15 described strategies such as the so-called "hit and run" (HaSty, a/., Mx/ure, 350:243-6 
(1991); and Valancius and Smithies, Mol CellBiol, 11:1402-8 (1991)), tag and 
exchange (Askew, et al, Mol Cell Biol, 13:41 15-24 (1993)) and double replacement 
(Stacey, et al, Mol Cell Biol, 14: 1009-16 (1994)). 

The resulting knock-out animal can be bred and propagated. Animals produced 

20 in this fashion are suitable for research purposes mainly to study the effects of specific 
drugs on the breeding of poultry and certain agronomic traits. These knock-out animals 
also possess the ability to lay eggs that contain less than all endogenous proteins 
normally present in the egg, which allows for the elimination of potential undesired 
substances found in the egg (e.g. t allergens). 

25 In another embodiment of the instant invention, a knock-in animal has been 

manipulated such that it carries a specific nucleic acid sequence such as a "knock-in 
sequence" in a predetermined coding or noncoding region of its genome. The knock-in 
sequence may replace all or part of an endogenous gene of the animal by a functional 
homologous gene or gene segment of another animal. Knock-in animals can be prepared 

30 according to a variation of the standard knock-out method, comprising the introduction 
of a foreign gene into the targeting vector, in such a way that the introduced gene would 
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be under the control of the regulatory elements that normally control the expression of 
the endogenous gene (Le Mouellic, et al., Proc. Natl Acad. ScL USA, 87:4712-6 (1990); 
andMcCreath, etaL,Nature, 405:1066-1069 (2000)). 

Another embodiment of the invention provides a method of producing a protein 
5 derived from cloned, genetically modified egg-laying animals as a result of embryo 
reconstruction followed by ovum transfer. This method comprises producing a hard- 
shell egg that contains exogenous protein and then isolating the exogenous protein from 
the egg. An intact avian egg containing protein exogenous to an avian egg is 
contemplated by the present invention. The transgenic animals of the instant invention 

1 0 include avians that have a transgene encoding an exogenous protein in their oviducts, 
wherein the avians secrete into their eggs the protein expressed by the transgene. A 
transgenic avian that makes a human protein (e.g., human interferon) will recognize this 
substance as its own and will therefore not produce an immune response against it This 
makes the egg-laying transgenic ideally suited for the production of large quantities of 

15 human protein. In this respect, the avian egg provides an ideal container for the 
production of recombinant proteins because its interior is sterile and contains 
antibacterial compounds, and it is easily accessible. As a consequence, the purity of the 
protein products can be improved and their efficacy tested more efficiently. Several * 
proteins that may be produced in this fashion are contemplated by the present invention. 

20 These proteins include, but are not limited to, human growth hormone, interferon, P- 
casein, a-1 antitrypsin, antitbrombin m, collagen, factor VIE, factor DC, factor X, 
fibrinogen, hyaluronic acid, insulin, lactoferrin, protein C, erythropoietin (EPO), 
granulocyte colony-stimulating factor (G-CSF), granulocyte macrophage colony- 
stimulating factor (GM-CSF), tissue-type plasminogen activator (tPA), feed additive 

25 enzymes, somatotropin, and chymotrypsin. 
e) . Examples 

The following specific Examples are intended to illustrate the invention and 
should not be construed as limiting the scope of the claims: 
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Example 1 . Preparation of the Recipient Cytoplast 
Incubation 

Ova were isolated from euthanized hens between 2-4 hours after oviposition of 
5 the previous egg. Alternatively, eggs were isolated from hens whose oviducts have been 
fistulated (Gilbert and Woodgush, Journal of Reproduction and Fertility, 5 :45 1-453 
(1963); and Pancer, et al Br Poult Sci., 30:953-7 (1989)). 

Prior to generating images of the avian early embryo, incubation of the DNA 
specific dye was performed according to the following protocol: The albumen capsule 
10 was removed and the ovum placed in a dish with the germinal disk facing the top. 
Remnants of the albumen capsule were removed from the top of the germinal disk. 
Phosphate buffered saline was added to the dish to prevent drying of the ovum. A 
cloning cylinder was placed around the germinal disk and 1 .O^g/ml of DAPI in PBS was 
added to the cylinder. Visualization was performed after approximately 15 minutes of 
15 incubation. 

Injection 

Preparation of the egg was done as described for incubation. Following removal 
of the capsule, 10-50 nanoliters of a 0.1 \igfwl solution of DAPI in PBS was injected into 
the germinal disk using a glass pipette. Visualization was performed approximately 
20 15 minutes after injection. . . 

Visualization 

Following incubation, images of the inside of the avian early embryo were 
. generated through the use of TPLSM. The germinal disk was placed under the 
microscope objective, and the pronuclear structures were searched within the central area 
25 of the disk, to a depth of 60[im using low laser power of 3-6 milliwatts at a wavelength 
of 750 nm. Once the structures were found they were subsequently ablated. 

Nuclear Ablation and Enucleation 

Pronuclear structures were subjected to laser-mediated ablation. In these 
experiments, an Olympus 20x/0.5NA (Numerical Aperture) water immersion lens was 
30 used. The x and y planes to be ablated were defined with the two photon software, while 
the z plane (depth) was just under 1 0\xm for this type of obj ective. Since the pronuclear 
structure was about 20 pm in diameter, the ablation comprised two steps (2 times lOjim). 
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The focal point was lowered to visualize the remaining of the pronucleus, which was 
subsequently ablated. The laser power used to ablate the pronuclei was between 30 to 70 
milliwatts at a wavelength of 750 nanometers. For the ablation experiments described 
above, the image was zoomed by a factor of 4 to 5, giving an area compression of 16-25 
5 fold. Then the power was increased 10-12 fold for a total intensity increase of 160-300 
fold compared to the visualization intensity of 3-6 milliwatts. The ablation intensity 
(power density) is the functional parameter, Le., the power increase of 10-12 fold results 
in ablation power of 30-70 milliwatts, but the zoom factor compressed this power into an 
area 16-25x smaller giving a power density increase of 160-300 fold 
10 Example 2. Preparation of the Nuclear Donor.Cell 
Isolation of the Donor Nucleus 

Fibroblast cells in cultured were trypsinized (0.25% Trypsin and 1 \xtA EDTA, 
Gibco catalog #25200-056), centrifuged twice in PBS containing 5% of Fetal Calf Serum 
and placed in a 60 mm plastic dish in PBS containing 5% of Fetal Calf Serum. Using the 
1 5 microscope/micromanipulation unit described below, under transmission light, the 

nuclear donors were then isolated by repeated pipetting of the cells, which disrupted the 
cytoplasmic membrane and released the nucleus from inside the cell. 
Example 3. Preparation of the; Reconstructed Zygote 

Injection 

20 A micromanipulation unit, comprising a IM-16 microinjector and a MM-188NE 

micromanipulator, both from Nikon/Marishige, were adapted to an upright Nikon Eclipse 
E800. This microscope was adapted to operate under both transmission and reflective 
light conditions. This unique configuration has allowed us to morphologically examine 
and prepare (isolate the nuclei, as described above) somatic cells in suspension and to 

25 load the injection pipette using dry or water immersion lenses under diascopic 
illumination or transmitted light. This was followed by prompt localization and 
positioning of the germinal disk under the microscope and subsequent guided injection of 
the somatic cells, using dry and long distance leases under fiber optic as well as 
episcopic illumination (light coming from the side and through the objectives onto the 

30 sample respectively). 
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Example 4. Ovum Transfer 

At the time of laying, recipient hens are anesthetized by wing vein injection with 
pentobarbital (0.7 ml of a 68 mg/ml solution). At this time, the infundibulum is receptive 
5 to receiving a donor ovum but has not yet ovulated. We have also established that 

pentobarbital is the anesthetic of choice. Feathers are removed from the abdominal area, 
and the area is scrubbed with betadine, and rinsed with 70% ethanol. The bird is placed 
in a supine position and a surgical drape is placed over the bird with the surgical area 
exposed. An incision is made beginning at the junction of the sternal rib to the 

1 0 breastbone and running parallel to the breastbone. The length of the incision is 
approximately two inches. After cutting through the smooth muscle layers and the 
peritoneum, the infundibulum is located. The infundibulum is externalized and opened 
using gloved hands and the donor ovum is gently applied to the open infundibulum. The 
ovum is allowed to move into the infundibulum and into the anterior magnum by gravity 

1 5 feed. The internalized ovum is placed into the body cavity and the incision closed using 
interlocking stitches both for the smooth muscle layer and the skin. The recipient hen is 
returned to her cage and allowed to recover with free access to both feed and water. 
Recovery time for the bird to be up, moving and feeding is usually within 45 min. of the 
operation's end. Eggs laid by the recipient hens are collected the next day, set, and 

20 incubated in a Jamesway incubator. They will hatch 21 days later. 

Alternatively, a hen whose oviduct is fistulated allows the collection of eggs for 
enucleation (Gilbert and Woodgush, Journal of Reproduction and Fertility, 5:451-453 
(1963); and Pancer, et al Br Poult Sci., 30:953-7 (1989)) as mentioned previously, but 
also the transfer of the reconstructed embryo to a recipient hen for the production of a 

25 * hard shell egg (Wentworth, Poultry Science, 39:782-784 (I960)). The first technique 
could be used to obtain ova for recipient cytoplasts and the latter to produce recipient 
hens to be used repeatedly for the transfer of reconstructed embryos. If they can be made 
to work, both, and especially the latter technique, should increase the output by reducing 
the time spent on collection and surgeries. . 

30 All documents cited in the above specification are herein incorporated by 

reference. Various modifications and variations of the present invention will be apparent 
to those skilled in the art without departing from the scope .and spirit of the invention. 
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Although the invention has been described in connection with specific preferred 
embodiments, it should be understood that the invention as claimed should not be unduly 
limited to such specific embodiments. Indeed, various modifications of the described 
modes for carrying out the invention which are obvious to those skilled in the art are 
5 intended to be within the scope of the following claims. 
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What is claimed is: 

1 . A method of producing a cloned non-human animal comprising the steps of: 

(i) providing a recipient cell; 

(ii) visualizing the nuclear material of the recipient cell using light in the near- 
infrared region; 

(iii) enucleating the recipient cell; 

(iv) introducing a donor nucleus into the recipient cell to produce a 
reconstructed zygote; 

(v) activating the reconstructed zygote; and 

(vi) allowing the reconstructed zygote to develop to term. 

2. The method of claim 1 in which the nuclear material of the recipient cell is 
visualized with near-infrared light using two photon laser scanning microscopy. 

3. The method of claim 1 wherein the light has a wavelength from about 700 nm to 
about 1000 nm. 

4. The method of claim 1 wherein the recipient cell is enucleated through the use of 
laser-mediated ablation. 

5. The method of claim 1 wherein the visualization and ablation are conducted using 
two photon laser scanning microscopy. 

6. The method of claim .1 , wherein the donor nucleus is genetically modified. 

7. The method of claim 1 , wherein the reconstructed zygote is transferred to a 
recipient oviduct 

8. The method of claim 1, wherein the culturing comprises ex ovo culture. . 

9. The method of claim 7 wherein the recipient cell and the donor nucleus are of the 
same species. 

10. The method of claim 1 , wherein the animal is an avian. 
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1 1 . The method of claim 1 0, wherein the cloned avian is selected from the group 
consisting of chickens, ducks, turkeys, quails, ostriches and pheasants. 

12. A cloned avian animal produced by the method of claim 10. 

13. The cloned avian animal of claim 12 which is genetically modified. 

5 14. A method of producing a cloned non-human animal comprising the steps of: 

(i) providing a recipient cell; 

(ii) visualizing the nuclear material of the recipient cell using light in the near- 
infrared region; 

(iii) enucleating the recipient cell using light in the near-ipfrared region; 
1 0 (vi) introducing a donor nucleus into the recipient cell to produce a 

reconstructed zygote; 
(vii) activating the reconstructed zygote; and 
(vi) allowing the reconstructed zygote to develop to term. 

15. The method of claim 14, wherein the light has a wavelength that ranges from 
1 5 about 700 nm to about 1000 nm. 

1 6. The method of claim 14, wherein the recipient cell nucleus is visualized using 
two photon laser scanning microscopy 

17. The method of claim 14, wherein the recipient cell nucleus is enucleated using 
two photon laser scanning microscopy 

20 18. The method of claim 14, wherein the recipient cell is visualized and enucleated 
using two photon laser scanning microscopy. 

19. A method of producing a transgenic avian, comprising the steps of: 

(i) providing an avian recipient cell; 

(ii) visualizing the nuclear material of the recipient cell using light in the near- 
25 infrared region; 

(iii) enucleating the recipient cell; 
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(viii) introducing a transgenic avian donor nucleus into the recipient cell to 
produce a reconstructed avian zygpte; 

(ix) activating the reconstructed zygote; and 

(vi) allowing the reconstructed zygote to develop to term. 

5 20. The method of claim 1 9, wherein the transgene codes for a protein selected from 
the group consisting of human growth hormone, interferon, p-casein, a-1 
antitrypsin, antithrombin m, collagen, factor VIE, factor IX, factor X, fibrinogen, 
hyaluronic acid, insulin, lactoferrin, protein C, erythropoietin (EPO), granulocyte 
colony-stimulating factor (G-CSF), granulocyte macrophage colony r stimulating 
1 0 factor (GM-CSF), tissue-type plasminogen activator (tP A), feed additive 

enzymes, somatotropin, and chymotrypsin. 

21. A method for producing a protein, comprising: 

(i) producing a transgenic avian according to the method of claim 20 wherein 
the transgene encodes an exogenous protein, said protein deposited in the 

15 " white of the developing eggs of said avian; and 

(ii) harvesting hard shell eggs; and 

(iii) isolating the exogenous protein from said eggs/ 

22. The method of claim 21, wherein the exogenous protein is selected from the 
group consisting of human growth hormone, interferon, p-casein, a-1 antitrypsin, 

20 antithrombin m, collagen, factor VHI, factor IX, factor X, fibrinogen, hyaluronic 

acid, insulin, lactoferrin, protein C, erythropoietin (EPO), granulocyte colony- 
stimulating factor (G-CSF), granulocyte macrophage colony-stimulating factor 
(GM-CSF), tissue-type plasminogen activator (tPA), feed additive enzymes, 
somatotropin, and chymotrypsin. 

25 23. An intact hard-shell egg containing protein exogenous to the egg. 

24. A method of claim 1 9 wherein the avian is a knock-out or knock-in avian. 



25. 



An intact hard-shell egg containing less.then the normal complement of 
endogenous proteins found in the egg. 
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* 26. A reconstituted avian embryo prepared by transferring the nucleus of a donor cell 
into a suitable recipient cell. 

. 27. An embryo of claim 26 in which the donor cell is quiescent 



